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Abstract 
The Land Margin Ecosystem Research (LMER) Program in the 
United States is supported by the U. S. National Science Foundation 
through two of its subsidiary units, Long Term Studies and Biologi- 
cal Oceanography. The LMER program was designed to address 
gaps in the coverage of certain ecosystems by multi-disciplinary 
teams, specifically the lack of studies of coastal boundary zones. 
Our Georgia interdisciplinary team effort is the newest of four such 
LMER sites around the United States (two additional sites had 
LMER funding in the past). We are studying the transport and trans- 
formation of materials in all five of the rivers flowing into the South 
Atlantic Bight within the coast Georgia. In particular, we are inter- 
ested in the effects of: 1) land-use pattern in the larger watershed, 2)
the effects of tidal freshwater riparin forests, and 3) the effects of 
backish and saltwalter marshes in modifying the materials entering 
and flowing with the rivers. Here we present adetailed escription 
of our study rivers, the questions being asked and a summary of the 
data obtained uring our first two exploratory cruises. 
1. Introduction 
The Land Margin Ecosystem Research (LMER) Program in 
the United States is supported by the U. S. National Science 
Foundation through two of its subsidiary units, Long Term 
Studies and Biological Oceanography. The LMER program 
was designed to address gaps in the coverage of certain 
ecosystems by multi-disciplinary teams, specifically the lack 
of studies of coastal boundary zones. 
Our Georgia interdisciplinary team effort is the newest of 
four such LMER sites around the United States (two addi- 
tional sites had LMER funding in the past). As part of the 
April, 1996, Rostock Symposium on Sustainable Develop- 
ment in Coastal Regions, we were asked to describe the 
LMER approach, using our newly-funded study as a case 
study. Accordingly, we take this opportunity to describe our 
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rivers and estuaries in detail, discuss the aims and signifi- 
cance of our research questions and, finally, provide a brief 
overview of our findings during the first two research cruises. 
2. The Georgia Rivers LMER 
At the coastal boundary, river water meets alt water to pro- 
duce a physically complex zone collectively called an estu- 
ary. Before the river water mixes with ocean water, direct 
tidal action modifies flow, creating a freshwater tidal zone. 
Fresh and saline waters mix to produce agradient of salinity 
extending into the saline tidal zone. We define this estuarine 
continuum, from freshwater tidal to the nearshore marine, as 
the Land-Sea Margin (LSM). Within the LSM, we see a gra- 
dient of plant and animal communities arranged in a se- 
quence of tolerance to, or requirement for, salinity and inun- 
dation. These communities are connected by the water that 
flows through or across them as river or tidal current. 
In late 1994 we began to study the transport and modifica- 
tion of organic and inorganic matter carried from the land 
into the sea by the five major coastal rivers of Georgia. From 
north to south they are: the Savannah, the Ogeechee, the A1- 
tamaha, the Satilla, and the St. Marys (Fig. 1). 
We have based our initial approach to this research on two 
maj or questions: 
1) What terrestrial materials are transported into/through 
the LSM and two what extent are they intercepted or modi- 
fied within this zone? Though some materials (e.g. heavy 
metals) are early trapped within this zone, it is unclear 
whether terrestrially derived organic matter (e.g. humic 
acids, lignocellulose) and inorganics, both dissolved and par- 
ticulate, are sedimented out at the salinity-freshwater inter- 
face or simply diluted and carried to the nearshore. 
Fig. 1. Rivers of the South Atlantic Bight. 
2) Do the interdial vegetated zones of the LSM, both ri- 
parin wetlands and coastal marshes, significantly filter and 
trap or modify terrestrially-derived materials and do their 
characteristics and functions differ significantly with river? 
Although some salt marshes trap and release material, de- 
pending on season, rainfall, and maturity of the marsh, the 
degree of modification of the materials is an open question, 
comparative studies are f w, and little is known about any of 
these processes in brackish and freshwater tidal marshes. 
Each of the rivers differs from the others in one or more 
aspects of landscape, geological setting, flow rate, inorganic 
and organic loading, and pH, but their mouths are all located 
within a 120 mile segment of coast and thus, in their lower 
reaches, the river systems hare similar temperature, rainfall, 
and tidal regimes. These rivers provide a rare opportunity for 
comparative ecological study of the impact of the land, via 
rivers, on the nearshore ocean and of the impact of the sea, 
via tidal energy, on the riparin tidal wetlands and coastal 
marshes. Here we provide a description and comparison of 
the rivers from the standpoint of the above variables and re- 
port some of our initial interpretations on riverine transport 
and transformation of materials as they pass through the 
LSM. A more comprehensive r view and analysis of the data 
obtained uring the first 18 months of our study is to be pub- 
lished elsewhere (ALBER et al., manuscript in prep.) and de- 
tailed analyses of indivudal processes will be published by 
the specific research teams. 
3. Significance of the research 
The answers to the two major posed above questions are es- 
sential for effective management of coastal zones. The natu- 
ral transport and transformation of material must be under- 
stood before the effects of eutrophication, dredging, channel- 
ization, reclamation, etc. can be assessed. Consider the im- 
pact of human population on the export of materials to the 
sea. Population density on the watersheds of major world 
rivers profoundly affects their nitrate and water discharge 
(PEIERLS et al. 1991). 
We are studying the five major Georgia Atlantic coast 
rivers, measuring a suite of materials transported through the 
LSM and integrating the data with information on land usage. 
Our hypothesis is that this relationship is highly depen- 
dent on the level and pattern of population density, land use, 
and flow modifications together with the characteristics of
the river and its riparin and coastal vegetation. Fr mour re- 
sults, we expect o predict scenarios that might follow signif- 
icant changes in the pattern of population and land use, in 
particular, impacts on the LSM and its surroundings. Here 
we present data on comparison of the five rivers based on 1) 
information on their physiographic regimes, 2) on previous 
individual studies of transport and transformation a d, 3) on 
our comparative investigations to date. 
4. Background material 
4.1. The Land Sea Margin: General description 
As rivers flow to the sea they accumulate, and often exchange, ter- 
restrial materials viarunoff, ground water, wind and direct anthro- 
pogenic injections. This accumulation and its modifications deter- 
mine impacts of the terrestrial nd lotic systems on the land-sea mar- 
gin communities. Some processes effecting change are well under- 
stood (e.g. the oxidation of organic sewage). In other, perhaps most 
cases (e.g. fertilizer unoff and humic acids leached from forest 
soils) both the processes ofchange during transport and the ultimate 
fates are poorly known. 
Within the LSM materials are swept out to sea or deposited, 
where they may be modified by benthic organisms or buried. Dis- 
solved organic matter (DOM) and dissolved inorganic nutrients may 
also be removed by the biota or sedimented. Transport and ransfor- 
mation of material within the vascular plant communities of the 
LSM are, at best, partially understood (see summaries in POMEROY 
~¢ WIEGERT 1981; ODUM et al. 1984; WmGERT & FREEMAN 1990). 
4.2. The rivers - a brief overview 
The five major coastal river systems of Georgia vary with respect to 
black water input, pollution, channelization, and origin (Piedmont or 
Coastal Plain) and have small estuaries and large tidal ranges. 
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The Savannah isa large river with a watershed extending into the 
Appalachian mountains. Flow, sediment load and flood plain have 
been modified by large dams above the Fall Line and dredging and 
channelization below that point. 
The Ogeechee arises in the Piedmont, but the coastal plain con- 
tributes most to its flow. It is a 'black water' river, but with an atypi- 
cally high pH in its lower reaches (near 7.0) due to a large input of 
carbonate-rich water from Magnolia Springs. 
The Altamaha is the largest river (second only to the Hudson 
river) on the east coast of the United States. Its headwaters, like 
those of the Savannah, arise in the lower Appalachian mountains and 
flow is dominated by silt-laden water from the Piedmont and Upper 
Coastal Plain, although it does receive a major input from a 'black 
water' tributary, the Ohoopee. It is the 'relatively undisturbed' ana- 
log of the Savannah River, with no major channelization r dredging 
and no major eservoirs. 
The Satilla lies entirely within the Coastal Plain; a typical 'black 
water' river that flows directly into an estuary. The pH is near 6, 
midway between that of the Ogeechee and the St. Marys. 
The St. Marys is the boundary between Georgia and Florida and 
drains part of the Okefenokee Swamp. It too is a 'black water' river 
with a pH around 3.0 in the upper reaches, although it, like the 
Ogeechee, shows a downstream rise in pH, presumably from 
leached carbonate. 
4.3. Estuarine transport and transformation 
Estuaries trap organic and inorganic materials (KENNEDY 1984; 
KNOX 1986). Organic sediments, including feces of benthic organ- 
isms, provide substrates for bacteria. Inorganics, particularly the fine 
material abundant in Georgia estuaries, have great adsoprtive capac- 
ity. Turbidity maxima can provide estimates of trapping efficiency 
(ALLEN et al. 1980). Gravitational (density-driven) circulation from 
freshwater discharge and tidal mixing produces a seaward flow 
overlying a landward flow. This mode weakens landward, and a 
'null' zone forms where sediments can be trapped, indicated by a 
turbidity maximum (OFFICER 1981). 
During a tidal cycle (usually semidiurnaI), large quantities of fine 
sediments are alternately eroded, deposited and resuspended (ALLEN 
et al. 1980). A sorting mechanism is provided by flood and ebb dom- 
inant asymmetries, a result of tidal wave distortion (UNCLES 1981; 
AUBREY & SPEER 1985; DRONKERS 1986). Coarser material is de- 
posited in the lower reaches; finer clay-sized particles are carried 
landward in ebb-dominance. Flood-dominance fills channels with 
coarse sediment; ebb-dominance t nds to flush bed-load (POSTMA 
1967). 
Ebb-dominance is common south of Cape Romain, S.C. 
(FRIEDRICH & AUBREY 1988), because of inefficient exchange, at 
high water, between the extensive marsh and deep channels; this 
causes seaward migration of coarse-grained bedforms (ZARILLO 
i985). The distortion of the tidal wave at the mouth and head of our 
estuaries is important, for any shift to flood dominance near the 
"null" point of the gravitational ciruclation increases ediment trap- 
ping (ALLEN et al. 1980; UNCLES et al. 1985a, b; DYER 1988). 
Spring/neap tides (14 day cycle) also affect rapping of sediment 
(ALLEN et al. 1980), spring tides reducing trapping at the "null" 
zone .  
Estuarine-ocean interactions (tides/river flow) may combine to 
export material to the continental shelf (EISMA 1993). The gravita- 
tional circulation may extend to the shelf (PAPE & GARVlNE 1982; 
GARVINE 1991) and cause transport of coastal sediments into the es- 
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mary (OLSEN et al. 1989). Estuarine material can also be carried sea- 
ward and along the coast by low-salinity estuarine discharges that 
from coastal currents (HEARN et al. 1985; GARVINE 1991). Moreover, 
wind-induced upwelling/downwelling cycles dramatrically after the 
stratification regime (BLANTON 1986; BLANTON et al. 1989); little is 
known of cyclic effects on estuarine-ocean coupling. 
Two of our five estuaries (Savannah and St. Marys) are shipping 
ports and the offshore stuarine bar or delta is cut through, allowing 
the estuarine regime to extend onto the continental shelf. Here the 
processes discussed above are very important. With intact deltas, the 
gravitaional circulation regime is cut off from a similar egime rep- 
resented by the coastal frontal zone of Georgia (BLANTON 1981, 
1986). We need to know how these various interactions of estuarine 
circulation with the ocean affect he exchange of material within the 
LSM, considered as a continuum between the land-river and the sea. 
Previous studies of tidal ecosystems have concentrated on the 
communities as separate systems, connected in many ways, but not 
as parts of a continuum. Fluxes, budgets of energy, concentrations of 
organic matter and nutrients; all have been calculated from measure- 
ments in situ. Some of these fforts have been lengthy and intensive 
(North Inlet, SC; Sapelo I., GA), yet major questions remain that can 
be answered only by regarding the river-LSM-sea s a continuum 
and seting up comparative investigations. Our two initial questions 
(above) suggested a third: 
3) Is the impact of a river on the nearshore, mediated through the 
LSM, only a function of the freshwater flow and the material 
brought from the land, or is it the interaction of the river with the 
communities developed in the particular LSM that is most important 
to the overall effect? 
If it is the latter, then the materials modified and added by these 
communities are part of the impact of the land, both on the LSM, and 
through the LSM on the nearshore marine zone. The River Continu- 
um Concept (MINSHALL et al. 1983, 1985) could continue as the 
'tidal community continuum', to coin a phrase. The predictions from 
the River Continuum Concept do not always aplly to the sinuous, 
low gradient, coastal plain portions of these southeastern ivers 
(BENKE et al. 1984; BENKE & MEYER 1988), SO the name change may 
be appropriate [but see DAME et al. (1992) for a different application 
of the River Continuum Concept o tidal systems]. Overarching all 
of the questions i  the uncertainty of what effects will follow from 
"global change". 
5. Physiographic omparisons 
5.1. The South Atlantic Bight 
Estuarine systems along the coast of the S. Atlantic Bight, 
Cape Hatteras, B. Carolina in the north to Cape Canaveral in 
the south, differ dramatically from Chesapeake and Dela- 
ware Bays in a number of physidal characteristics. These dif- 
ferences reach their maxima along the central (Georgia) por- 
tion of the Bight (Fig. 1). The coast has a series of relatively 
small estuaries every 10-20 kin, with freshwater rivers flow- 
ing into some of them. Tidal amplitude (to 3 meters) is 
greater than the range of about one meter in the central Mid 
Atlantic Bight. The estuaries of the S. Atlantic Bight are rela- 
tively well-mixed compared to the stratification of the larger 
estuaries to the north. 
These and other factors result in complex hydrodynamics, 
where tides advect water of the multiple inlet coast in con- 
juction with density gradients induced by freshwater runoff 
(BLANTON & ATKINSON 1978). Wind-driven, long-shore cur- 
rents move water along the coast (BLANTON 1979, 1981). 
Moreover, BLANTON & ATKINSON (1978) suggest he wind- 
induced changes in width of the well-mixed near shore zone 
may change the extent of offshore transport. Thus materials 
transported into the nearshore marine zone through the LSM 
are often moved further by the neashore currents and storms 
(MORAN et al. 1991). 
The five major rivers draning the approximately 120 
miles of the Georgia coast all have gauging stations as well 
as surface water quality, and crest-stage partial record sta- 
tions. In addition, there are a number of observation wells on 
the coast for monitoring round water level (U.S.G.S. 1991). 
Records in the form cited go back to 1971, but other forms of 
discharge records go back even further; the State of Georgia 
and U.S. Geological Survey cooperative agreements for col- 
lection of flow records date from 1896 and for water-quality 
records from 1937 (U.S.G.S. 1991) - a substantial data base 
on which to evaluate long-term changes in the discharge and 
water quality of these rivers. 
5.2. The river system 
• Altamaha River 
The Altamaha river bedload sediments are largely derived 
from igneous and metamorphic rocks of the Piedmont, and 
from sedimentary ocks of the Coastal Plain. Conflicting in- 
terpretations are presented for the origin of the fine-grained 
suspended load in the tidal portions of the estuary (PmKEY & 
FRANKENBERG 1964; W~NDHAM et al. 1970; VISHER & 
HOWARD 1974; PINET & MORGAN 1979). These inorganic 
particles are, in large part, the source of the inorganic sedi- 
ment buildup that permits the development of the flood plain 
communities and the polyhaline Spartina alterniflora tidal 
marshes. The marshes and swamps are influenced aily by 
tides (usual tidal range approximately 2 m, extremes to 3 m), 
and seasonally by river floods. The relative importance of 
marine versus riverine influence, the degree of stratification 
and mixing within the estuary, and the type and amount of 
sediment transport vary with different scale events (V~SHER 
& HOWAD 1974). High sedimentation rates on the marshes 
would be expected uring spring floods. 
The Altamaha River basin is the second largest in the east- 
ern United States. The upper coastal plain is the most in- 
tensely cultivated region in the state of Georgia, but there is 
relatively little industrial, commercial or residential develop- 
ment. 
The U.S.G.S. has been recording river levels and stream 
flow in the lower portion of the Altamaha River since 1925. 
Discharge aveages about 400 m/sec annually, but varies from 
over 1,500 m3/sec (record flow = 8,500 m3/sec) during spring 
to less than 70 m3/sec during fall. Maximum flow is experi- 
enced between December and April. Year-to-year variability 
in discharge is greatest during spring and least during late 
fall. 
The hydraulic gradient of the Altamaha River drops sub- 
stantially in the last 50 km to less than 5 cm/km. In this lower 
portion a combination of marine and riverine processes has 
led to the establishment of large expanses of tidal swamps 
and marshes and bottom land hardwood forest. Tidal effects 
have been observed as far as 50 km upstream, above which 
our head-of-tide station is located. Although brackish water is 
occasionally experienced as far inland as 36 km during late 
summer-early fall, saline and brackish vegetation is confined 
largely to the lower 5 kin. A typical salt marsh community 
dominated by S. alterniflora is found from 0 to 2 km up- 
stream while a brackish community dominated by Spartina 
cynoswvides i  located between 2 and 5 km upstream (GAL- 
LAGHER & RErMOLD 1973; SCHUBAUER & HOPKINSON 1984). 
The brackish vegetation gives way to a more diverse commu- 
nity of tidal fresh water marsh and swamp vegetation (GAL- 
LAGHER & REIMOI, D 1973) which extends 36 km upstream. 
The dominant plant in the tidal fresh marsh is southern wild 
rice, Zizaniopsis miliacea (GALLAGHER & REIMOLD 1973). 
The tidal swamp is a much more diverse plant community. 
Hydrologic onditions of the wetland communities along 
the lower Altamaha River reflect the varying influence of 
oceanic tides and the heights of river water. Whereas water 
levels in the estuary directly reflect he tides, water levels in 
the fresh water marsh and swamp region are controlled by 
both river stage and tidal range. Superimposed on the semi- 
diurnal tidal cycle is the annual cycle of river stage and the 
annual sea level changes. During winter-spring, wetlands 
may be continuously flooded for weeks at a time, while dur- 
ing the late fall period of low river water levels, the wetlands 
may be flooded for less than an hour a day, if at all. 
With the exception of the estuarine zone, most of the tidal 
marshes and swamps of the Altamaha River have been heav- 
ily impacted by man. Beginning in the late 1700's, consider- 
able portions of fresh and brackish marsh and swamp were 
"reclaimed" for agricultural purposes (rice culture) and 
logged. Due to the lumbering and agricultural activities, few 
virgin stands of timber emain. The State of Georgia present- 
ly own a majority of the tidal wetlands in the lower Altamaha 
River, with the Department of Natural Resources operating 
the Altamaha State Wildlife Management Area in the brack- 
ish and fresh water region. Management activities consist 
primarily of water level manipulations to encourage the 
growth of vegetation preferred by water fowl. Impound- 
ment's dating back to the time of rice cultivation still exist in 
varying states of desrepair which effectively regulate the 
magnitude of riverine and tidal marine inputs. The U.S. mili- 
tary also controls a large portion of the tidal wetlands, which 
it uses for training maneuvers. 
A natural sequence of successional development can be 
found in those areas of the tidal fresh water marsh system 
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which have escaped logging and agricultural impoundment. 
The successional sequence is initiated in sedimentary, channel 
point-bar egions. Beginning with an open-water community 
in the river itself, the sere includes for additional developmen- 
tal stages: 1) intertidal mud flats covered with benthic mi- 
croalgae, 2) Zizaniopsis fresh water marsh, 3) shrub swamp 
composed primarily of alder (Alnus errulata) and wax myrtle 
(Myrica cerifera), and finally 4) mature swamp forest. 
• Savannah River 
From the earlist days of settlement of the city of Savannah, 
the Savannah River has been a major artery of commerce. 
Human, animal, steam, and oil power successively replaced 
each other as the propellant of choice through the 18th, 19th 
and 20th centuries. Traffic increased along the river all the 
way to the Fall Line at what is now the city of Augusta. As 
carriers became larger, the river was subjected to more and 
more dredging and channelization. Levees were constructed 
to contain floods, thus reducing the extent of the floodplain 
and its vegetation. As a result, the Savannah River today can, 
with considerable justification, be regarded as a very large, 
relatively straight ditch from the Piedmont to the sea. During 
the latter part of this period of river modification, three major 
impoundment's were located upriver from the Fall Line, 
Lakes Hartwell, Russell and Clarke Hill Reservoir, as a con- 
sequence removing amajor fraction of the sediment load for- 
mefly carried by the river. Decrease of the sediment load has 
also been seen on all the rivers, with the possible exception 
of the St. Marys, during the last fifty years because of a large 
amount of tilled agricultural land returned to forest cover in 
Georgia (J. SCHINDLER, pers. comm.). 
The pH of the Savannah River in its lower reaches ap- 
proximates neutrality (1990 range-6.8 to 7.5), similar to the 
Altamaha. The Savannah River, because of the long history 
of modification oted above, does not possess the vast vege- 
tated flood plain in the fresh water tidal zone that is a charac- 
teristic of the Altamaha. There are, however, extensive de- 
velopments of more saline intertidal vegetational zones near 
the sea. Thus the Savannah River represents a major river 
type similar to the Altamaha River in that it integrates mate- 
rials moving from upper Piedmont o the sea, but without 
some of the Altamaha's extensive floodplain communities 
and with a lower sediment load. 
• Ogeechee River 
The three remaining rivers are all 'black water' streams in 
the sense that they are affected little (Ogeechee), or not at all 
(Satilla, St. Marys), by material (clays) from the Piedmont. 
The predominant dark (although clear) color is from the 
humic material from the extensive flood plain swamps bor- 
dering these rivers. 
The Ogeechee is much smaller than either the Altamaha 
or the Savannah, with a drainage area of 7000 km 2. The 
headwaters of the river arise at an elevation of about 200 m 
in the Georgia Piedmont, but only about 5% of the drainage 
basin is in this Plateau (BENKE & MEYER 1988). The river is 
almost 400 km long and enters the S. Atlantic Bigh just south 
of Savannah, GA. The benthic material is mainly coarse to 
fine sand (GILLESPIE et al. 1985), together with some organic 
matter. The lower floodplain swamps are often more than 
1 km wide and are similar vegetatively to those of the A1- 
tamaha River. 
The ecological processes active in primary production, 
trophic transfer and decomposition have been well-studied 
in the lower Ogeechee [see BENKE & MEYER (1988); MEYER 
(1990 and cited literature]. Although typical of blackwater 
rivers in general, the Ogeechee has a downstream pH close 
to neutrality, much higher than the usual blackwater river. 
This is apparently caused by a large inflow of highly carbon- 
ated water from Magnolia Spring (J. MEYER, pers. comm.). 
The existence of a large ecological data base, from just 
above the point where we propose to begin our studies, 
greatly enhances the feasibility of our task. 
• Satilla River 
The Satilla River arises in the Lower Coastal Plain of Georgia 
and has a drainage basin somewhat larger than that of the 
Ogeechee (9143 kmZ), although the river is slightly shorter, 
flowing 362 km to the Atlantic Ocean near Brunswick, Geor- 
gia (BENI~ et al. 1984). The bottom is similar to the 
Ogeechee, mainly fine to coarse sand, except in swamps 
where there is a overlay of organic much or peat (LAFORGE 
et al. 1925). Development and industrial-residential po lution 
is very low and there is relatively little agricultural runoff into 
the river. Along much of its length, the Satilla River is bor- 
dered by floodplain swamps of cypress and black gum (BENKE 
et al. 1984). The water is poorly buffered and pH ranges be- 
tween 4.3 and 6.7 with a mean of 5.1 (GA Dept. Nat. Re- 
sources - Environ. Protect. Div., 1975). Although the Satilla 
River has not been subjected to as much intensive cological 
study as the Ogeechee, the monograph on secondary produc- 
tivity by BENr,~ et al. (1984) provides valuable background 
information for our proposed LMER comparative studies. 
• Saint Marys River 
The Saint Marys River, with a drainage area of approximately 
39000 km 2 (U.S.G.S. 1991), is the smallest of the five rivers 
we are studying; it is also the most atypical in that it arises in 
the Okefenokee Swamp, itself a unique wetland located on 
the site of the top terrace that was once the first of the Pleis- 
tocene tidal salt marshes. The Saint Marys is in many respects 
a typical blackwater river. Because of the low coastal gradi- 
ent and the consequent slowed river flow, the freshwater tidal 
portion of the river extends further from the mouth than is the 
case with the other ivers on the coast of Georgia. 
The Saint Marys River has not been studied extensively 
from an ecological perspective although the fish fauna is 
known in some detail, and shows some interesting differences 
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from faunas in other blackwater river. The pH in the lower 
river is high for a blackwater stream, ranging from 5.0 to 7.2 
in 1990 (U.S.G.S. 1991). However, the pH in the upper river 
is very low (3.0), rising as the river passes over exposed lime- 
stone (B. J. FREEMAN, Univ. of GA, pers. comm.). Although 
the contribution of the Okefenokee Swamp to the lower flow 
of the river cannot be determined exactly, examination of the 
total water flow for 1990 at two gauging stations (U.S.G.S. 
1991) suggests that 14% of the total is from the Swamp. This 
is in close agreement with the estimate that the Saint MalTs 
River receives 12% of the runoff from the Okefenokee (PAT- 
TEN ~,~ MATIS 1984). Since the watershed of the Okefenokee is
approximately 3800 km 2, almost identical with the watershed 
of the Saint Marys River, the 12% and 14% should be identi- 
cal, and are indeed very close. 
In contrast o the Saint Marys River, the Okefenokee 
Swamp has been subject o intensive geological, ecological 
and hydrological studies. Because many of the ecosystems 
of the Okefenokee are similar to the upper freshwater tidal 
floodplain systems along the rivers, including the Saint 
Marys, the data will be extremely useful in setting up and in- 
terpreting our measurements and experiments in this zone. 
While our study stops at the nearshore boundary (30 ppt.), 
there are several extensive, long-term research programs ex- 
amining water movement, humic acid and lignin decomposi- 
tion, productivity, and respiration from the nearshore across 
the continental shelf. These studies have been recently sum- 
marized in MENZEL (1993), and provide an important data set 
for interpreting the consequences of outflows from the Geor- 
gia rivers. 
6. Data Summary 
Here we report he general consensus from our first two sur- 
vey cruises. In general, Piedmont-dominated watershed 
rivers (the Savannah and Altamaha) show a lesser degree of 
transformation, sources and sinks for materials as their wa- 
ters flow through the Land-Sea-Margin. The reasons are: 1) 
They have higher rates of low, thus materials pass through 
the LSM more quickly. 2) Marshes comprise a smaller per- 
centage of the watershed, thus lowering the marsh/river dis- 
charge ratio. 3) Their estuaries, because of the high dis- 
charges, have smaller eplacement times. 
Inorganic transport hrough the LSM varies widely de- 
pending on the compound. 
Ammonium shows a highly non-conservative mixing pat- 
tern with peaks sometimes near zero salinity (Savannah R.) 
and sometimes in high salinity (St. Marys R.). 
Nitrite had a consistent pattern of an initial rise with in- 
crease in salinity, followed by a decrease at higher salinities. 
The peak was always near 20 ppt. salinity. 
Nitrate showed no consistent pattern, but differed for both 
cruises and between all rivers. In a very loose sense, nitrate 
was slightly non-conservative in Piedmont rivers, with some 
proportionate losses due to factors other than mixing, i.e. a 
concave upward decreasing curve with increasing salinity. In 
the Coastal Plain rivers the pattern faintly resembled that of 
nitrite, with a peak at about 20 ppt. salinity. 
Silicate consistently showed completely conservative 
mixing during both cruises on all the rivers. 
Phosphate, like nitrate, varied between cruises and rivers. 
But, except for the Savannah river, phosphate l vels were ex- 
tremely low in both fresh and seawater so that the mixing re- 
gression had a slope of approximately zero. We spent consid- 
erable time during the first two cruises collecting data on the 
levels of various materials in the freshwater end member of 
our riverine transects. 
Ammonium was higher in rivers with even a small Pied- 
mont influence (Savannah, Ogeechee and Altamaha). Nitrite 
was highest in rivers with a major Piedmont influence (Sa- 
vannah, Altamaha) and lowest in the true blackwater coastal 
streams (Satilla, St. Marys). Nitrate was also highest in the 
Piedmont rivers. The Savannah, perhaps because of high 
population density and/or industry, had the highest nitrate 
content of all. Silica was lowest in the true blackwater rivers 
(Satilla, St. Marys). The freshwater value of phosphate was 
very low in all rivers except he Savannah. 
In addition to the inorganic freshwater end member con- 
centrations, we measured suspended sediment, percent or- 
ganic, Chlorophyll a (Chl a), particulate organic carbon 
(POC) and dissolved organic carbon (DOC). The suspended 
sediment was variable with no clear separation between 
Piedmont-dominated and Coastal Plain-dominated rivers, 
but the percent of the suspended sediment that was organic 
was much higher (by a factor of 2) in the Coastal Plain rivers 
(Ogeechee, Satilla, St. Marys). Chlorophyll a was low at 
zero salinity in all rivers (an order of magnitude compared 
the values upstream at head-of-tide). Within the overall ow 
levels, however, there was more Chl a in Piedmont rivers 
and more active chlorophyll (phaeophytin percent in Pied- 
mont rivers was 67-75% compared to 83-97% in Coastal 
Plain rivers). POC varied for all rives and both cruises; no 
trend was apparent. DOC was much higher in the Coastal 
Plain rivers with their dominant riverine swamps. 
During the coming years we will be continuing our sur- 
veys and performing more experimental-type m asurements. 
By the end of the six year grant period we hope to have a 
rather complete picture of the transport and transformation 
capabilities of each river and be able to relate this to the 
physiognomic characteristics of the river and the pattern of 
land use in its watershed. 
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